Introduction
A guideline from the German Society for Vascular and Endovascular Surgery (DGG) "Aortic dissection (guideline for the diagnosis and treatment of type B dissection)" was adopted by the board of the German Society of Vascular Surgery on 10 September 2008 and posted on the internet [1] .
A guideline review was planned for September 2010 and announced. In collaboration with the Association of the Scientific Medical Societies (AWMF) of Germany and other professional societies, the guideline is now updated, supplemented and published in this article. Based on new study results and expert opinions, the aim of these guidelines is to convey the current state of knowledge on treating type B aortic dissection.
Methods
A search of guideline databases and Medline served as the foundation for the guidelines. A consensus, moderated by the AWMF, was reached by means of
The German version of this article can be found under https://doi.org/10.1007/s00772-018-0455-z nominal group process and the Delphi procedure. The literature search was carried out for specific search terms from April to September 2017, including the databases Medline, Embase, SciSearch, and Cochrane and drew on existing relevant international guidelines. A systematic literature search, where studies are evaluated and classified according to evidence level, was not implemented for these S2k guidelines. They are more a result of a consensus of expert opinions. The guidelines were carried out on behalf of the German Society for Vascular Surgery and Vascular Medicine (DGG) in cooperation with the following medical associations (in alphabetical order): 4 German Society for Anesthesiology and Intensive Care (DGAI) 4 German Society for Angiology, Society for Vascular Medicine (DGA) 4 German Society of Cardiology (DGK) 4 German Society of Internal Medicine (DGIM) 4 German Society of Nephrology (DGf N) 4 German Society of Radiology (DRG) 4 German Society of Surgery (DGCh) 4 German Society for Thoracic and Cardiovascular Surgery (DGTHG)
The consensus process necessary for formulation of recommendations was achieved by the combination of a nominal group process and the Delphi technique. During the nominal group process, participants met for structured meetings directed by a neutral moderator. Consistent consensus was achieved when recommendations and key messages were supported by more than 90% of cast votes.
Type B aortic dissection-definition und classification
Aortic dissection is defined as a tearing apart of the medial layers of the aorta with bleeding within the aortic wall, resulting in separation of the wall layers and subsequently formation of a true and a false lumen. In the majority of patients there is an intimal tear that causes blood to pass between the layers of the media. The adventitia of the false canal can either rupture into the thoracic cavity or a so-called re-entry can lead back into the true lumen through a second distal intimal tear. This results in the typical dissection with a septum between the two lumens. Over time, the false lumen can be partially or completely thrombosed. Note: in recent years a special focus has been placed on the involvement of the aortic arch in primary type B dissection. The term non-A non-B dissection addresses both retrograde dissection after a primary tear in the descending aorta as well as a primary tear in the aortic arch. The value of this characterization lies in the very high probability of the necessity for invasive treatment as soon as the aortic arch is affected. Based on the time course of the initial event (usually thoracic pain), a distinction is made between acute, subacute and chronic dissection. 4 Acute aortic dissection is defined as the patient presenting within the first 2 weeks after symptom onset or first diagnosis. 4 The subacute phase of aortic dissection is the period between 2 and 6 weeks after symptom onset. 4 The chronic phase of aortic dissection is referred to as after 6 weeks or, according to the guidelines of the European Society of Cardiology [4] , when the patient has survived more than 90 days after the acute event.
A further distinction can be made between complicated and uncomplicated aortic dissection. A document from an international expert consensus [5] 
Epidemiology and risk factors
A population-based survey in the Oxford region (Oxford Vascular Study, OX-VASC; [6] ) reported an incidence of aortic dissection in the years 2002-2012 of 6/100,000, whereby Stanford type B dissections were less frequently observed (28.8%) than type A dissections (71.2%).
In the population-based Malmö Diet and Cancer Study (MDCS; [7] ), type A dissections were also more frequently (58%) seen than type B dissections. In the OX-VASC study 67.3% of patients with aortic dissection had arterial hypertension and 61.5% of patients were smokers. Smoking and arterial hypertension were also significant risk factors for developing aortic dissection in the MDCS study, in addition to increasing age, male gender, and low apolipoprotein A-1 levels. Furthermore, there is a genetic predisposition to aortic dissection. In the International Registry of Aortic Dissection (IRAD; [8] ) including 1049 patients with aortic dissection, 53 (5%) with Marfan syndrome were found. Patients with Marfan syndrome were significantly younger, with hypertension and arteriosclerosis being significantly less common than in those without Marfan syndrome. The annual probability of a first-degree relative developing an aortic dissection was 2.77 times higher in the group with a positive family history than in the group with a negative family history. A positive family history is, therefore, the most significant risk factor for aortic dissection.
Clinical picture
In a 17-year analysis of 1476 patients with acute type B aortic dissection [9] , the following symptoms and diagnostic findings were observed in the IRAD: 4 Severe or strongest pain ever experienced in 94%; 4 Chest pain in 71%, 4 Back pain in 70%, 4 Syncope in 3%, 4 High arterial blood pressure in 66%, 4 Pulse deficit in 19%, 4 Widened mediastinum in 56-39%.
An inconspicuous chest X-ray was found in 19-36% of cases, an inconspicuous electrocardiograph (ECG) in 38%. Such findings, therefore, do not exclude a dissection.
Complications
The incidence of malperfusion in aortic dissections is reported to be between 25% and 50% with compression or displacement of the true lumen occurring through dynamic or static mechanisms. For example, the ostium of an aortic side branch can be dynamically displaced by a prolapsing dissection membrane when the membrane intermittently pulsates (systole, diastole), thus obstructing blood flow. If the dissection membrane extends into a side branch and produces a significant stenosis, this is termed static compression. Over the long term, this can lead to vessel thrombosis with permanent ischemia up to end organ infarction.
Dissection-related organ hypoperfusion is one of the major causes of the high mortality and morbidity of aortic dissectionpatients. Onadmissionthe following complications were documented in the IRAD registry [10] These complications were independent predictors of hospital mortality, with an odds ratio of 9.03 for mesenteric ischemia, 6.43 for hypotension/shock, 3.61 for acute renal failure and 3.02 for lower limb ischemia.
Diagnostics
The personal and family aortic history should be discussed during anamnesis and the clinical evaluation should include a pulse status. The D-dimer test is highly sensitive at 94% but the specificity is 40-100%. The ECG and chest X-ray are used to exclude other disorders involving chest pain as a primary symptom, such as myocardial infarction. For a definitive diagnosis, transesophageal echocardiography (TEE), CT and magnetic resonance imaging (MRI) are equally reliable in confirming or ruling out thoracic aortic dissection. The distal portion of the ascending aorta and the aortic arch branches cannot be adequately assessed with TEE. Consequently, CT imaging (MRI to a lesser extent) is the most commonly used diagnostic imaging tool in suspected acute aortic dissection, with the potential addition of TEE. 
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Treatment
Acute uncomplicated type B aortic dissection
Acute thoracic aortic dissection of the descending aorta should be pharmaceutically treated. All patients suspected of having an acute aortic dissection should be admitted to an acute treatment unit where hemodynamics and urinary output can be reliably monitored. Conservative treatment initially consists of sufficient pain therapy and reduction of the systolic blood pressure to <120 mm Hg or to the lowest level necessary to maintain vital functions. This is done with i.v. administration of beta blockers (esmolol, metoprolol) and vasodilators (labetolol, nitroprusside). A beta blockade should precede the administration of peripheral vasodilators to prevent reflex tachycardia. In the further course, i.v. administration is switched to a corresponding oral antihypertensive medication, lowering the blood pressure to 130/80 mmHg or lower (if tolerated by the patient).
To avoid aortic complications, early thoracic endografting can be selectively considered. The following factors are associated with an increase in aortic diameter [11] [12, 13] . A special endovascular technique to repair dissection is the combination of a stent graft with distal extension by an uncovered dissectionstent(PETTICOAT technique [14] ). The main entry of the dissection is covered as usual with a proximal stent graft, while the distal metal stent eliminates malperfusion of the distal thoracoabdominal aorta through restored blood flow and aortic remodelling.
Fenestration of the dissection membrane can be carried out as an open or endovascular procedure. In the latter method, an opening between the false and true lumen is created by means of catheter technology and subsequent balloon angioplasty.
Subacute type B aortic dissection
Recommendations for treating subacute aortic dissection mainly refer to the randomized INvestigation of STEnt Grafts in Aortic Dissection (INSTEAD) study [15, 16] . In this study, best medicinal treatment (BMT) (n = 68) was compared with BMT + stent graft (n = 72) in treating uncomplicated type B dissection. Patients had subacute or chronic dissection over a wide range of 2-52 weeks. Initially, the study showed no benefit of endovascular treatment vs. BMT in uncomplicated type B dissections, except for significantly better aortic remodelling. After 5 years, however, the mortality risk from any cause (11.1% vs. 19.3%), the aorta-specific mortality (6.9% vs. 19.3%) and progression of the disease (27.0% vs. 46.1%) were significantly lower for BMT + stent graft than for BMT alone. This suggests that asymptomatic patients should receive endovascular treatment in a timely manner to prevent late complications of the disease.
Chronic type B aortic dissection
Chronic dissection with a maximum thoracic aortic diameter >5.5 cm or a documented increase in the aortic diameter of more than 1 cm within 1 year is an indication for invasive treatment. If malperfusion, aortic rupture or progressive dissection occurs, a chronic aortic dissection should also be treated. The treatment method (endovascular or open) should be selected according to risk factors and anatomical conditions.
Prevention/management of spinal ischemia
Measures to prevent and treat spinal ischemia include [17, 18] Preventive drainage of CSF should be considered in high-risk patients. Patients scheduled to have extensive thoracic aortic coverage (>200 mm) or having had previous abdominal aortic aneurysm treatment are at high risk for spinal cord ischemia and prophylactic CSF drainage may be considered in cases of endovascular treatment of the thoracic aorta.
Staging procedures can be useful to prevent spinal cord ischemia after TEVAR. The multi-step approach aims to reduce the risk of spinal cord ischemia by preconditioning the spinal cord through development of collateral circulations for spinal perfusion. Endovascular aortic staging procedures include the classical 2-stage approach, the use of perfusion branches and bridging stents, and segmental artery embolization.
Follow-up
Periodic control in the form of a CT or MRI examination should be performed at least annually after initial treatment of a type B aortic dissection [19, 20] . Regular postprocedural follow-up should be organized by the implanting vascular center. The attending physician should be duly informed and patients should be encouraged to adhere to appointments so that possible complications are detected in a timely manner. 4 In patients with complicated acute type B aortic dissection, invasive therapeutic procedures should be used in addition to pharmaceutical treatment. 4 Weighing up the effectiveness and surgical risk, an endovascular intervention is preferable to an open procedure. 4 The endovascular treatment of choice is the implantation of an endovascular aortic prosthesis. 4 Other methods, such as PETTI-COAT, endovascular fenestration, the elephant trunk technique, as well as endovascular and open procedures to revascularize specific aortic branches, may be useful in individual cases. 4 When selecting the procedure, individual clinical and anatomical aspects of each patient must be considered. 4 In patients at risk for aortic complications (e.g. only partial false lumen thrombosis, critical false lumen diameter or a large tear at the entry site) and with an appropriate anatomy for an endograft, endovascular treatment for uncomplicated subacute type B aortic dissection should be considered. 4 A maximum thoracic aortic diameter >5.5 cm or a documented increase in the aortic diameter of more than 1 cm within 1 year is an indication for invasive treatment of chronic aortic dissection. 4 Endovascular or open treatment should be selected based on risk factors and anatomical conditions. 4 In cases of malperfusion, aortic rupture or progression, chronic aortic dissection should primarily be treated endovascularly. 4 After initial treatment of a type B aortic dissection, periodic control in the form of a CT or MRI examination should be performed at least annually. 4 Regular postprocedural follow-up should be organized by the implanting vascular center. The attending physician should be duly informed and patients should be encouraged to adhere to appointments so that possible complications are detected in a timely manner.
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